The potential of livestock and animal-source foods (ASF) to improve nutrition of vulnerable households in the Sahel countries is large, but currently underutilised, despite the dependence of human nutrition on livestock in some areas. This study assesses the perceptions of the linkages between livestock and human nutrition interventions by West African implementers; the challenges faced; and the lessons learnt to significantly leverage nutrition in livestock interventions. Here, we report a qualitative study combining: 1) a formative research with semi-structured interviews of key informants [n = 36], and thematic analysis; and 2) a participatory work conducted during a regional workshop. Results were grouped to provide insights into several aspects: a) dietary, storage and preservation practices of ASF, b) livestock-human nutrition impact pathways, c) interventions with potential to improve nutrition, d) monitoring and evaluation, e) coordination issues, and f) knowledge gaps. Thirteen pathways were identified through which livestock impacts human nutrition, each presenting different trade-offs. About 79% of the participants of the workshop and working with livestock reported to never having monitored outcomes of attempts to improve human nutrition. Lessons learnt highlighted the importance of local ASF taboos and beneficiary targeting and identified promising interventions. The principal challenges identified were related to capacity-building, programming, or to funding issues. There was agreement among stakeholders on the importance of livestock and ASF to improve human nutrition, and on the prominent disconnect whereby livestock interventions often neglect human nutritional goals, due to the complexity of impact pathways and the multiple roles of livestock in livelihoods. Stronger collaboration among researchers and implementers could contribute to expanding the body of evidence. This compilation of insights could promote dialogue and guide further progress.
Introduction
Malnutrition represents the single most important threat for children worldwide and brings about substantial impacts both on humans (health and cognitive) and economic potential . In recent years, the reduction of malnutrition has become a top policy priority in low-and middle-income countries through initiatives such as the 'Scaling Up Nutrition' (SUN) movement (SUN 2011) . At the same time, an increasing commitment to promote sustainable agricultural development and ensure food security worldwide is reflected in the 'Post-2015 development agenda' Sustainable Development Goals (SDGs) (UN 2015) . The Lancet Series on Maternal and child nutrition in 2013 (Ruel et al. 2013 ) emphasized the need to address all forms of malnutrition, by combining nutrition-specific interventions (i.e. addressing immediate determinants of malnutrition) with nutrition-sensitive interventions (i.e. addressing underlying determinants) in different areas, including agriculture (Haddad 2000) . Also, the Second International Conference on Nutrition (ICN2) led to a commitment from world leaders to establish national policies aimed at eradicating malnutrition and transforming food systems to make nutritious diets available to all (FAO/WHO 2014). On April 2016, the United Nations General Assembly proclaimed 2016-2025 the Decade of Action on Nutrition calling for eradication of hunger and malnutrition in all their forms and in all age groups (UN 2016) .
Worldwide, malnutrition accounts for 45% of child mortality . Africa is the continent that has made the least progress in reducing the prevalence of malnutrition, and after a decline, malnutrition is on the rise again (UN 2018). In West Africa, food insecurity crises have been recurrent, and malnutrition rates remain well above international emergency thresholds even in years with acceptable harvests (OCHA 2016) . Acute malnutrition (wasting) ranged from 6% in Senegal to 19% in Niger and stunting rates have varied from 19% in Senegal to 43% in Niger (UNICEF 2016) (see Supplementary Table 1) . Low birth weight (with prevalence up to 35% in Mauritania) is also alarming (UNICEF 2016) 1) (see Supplementary Table 1) . In this region, the slow progress towards the SDGs is of major concern (IFPRI 2016), especially with demographic growth which is faster than the improvements in nutrition (African Union 2017).
At the same time, in the Sahel's arid and semi-arid areas, the potential to produce food of plant origin is limited and livestock production has traditionally been a key resource (e.g. nearly 40% of the Chadian population is engaged in the livestock sector, making up to 20% of GDP (Wiafe-Amoako 2016)), contributing to poverty alleviation and dietary diversification. Animal-source foods (ASF) are food groups dense in macro-and micro-nutrients (see Supplementary materials Table 2 ). In these countries, where widespread micronutrient deficiencies exist (e.g. iron-deficiency anaemia or vitamin A deficiency), poor households' diets are frequently limited in variety and are low in micronutrients (Grace et al. 2018) . Appropriate complementary feeding practices, rich in nutrient-dense foods, have shown a protective effect against stunting . Poor children's diets may be particularly low in ASF, which are often considered luxury foods. In Kenyan school children, meat supplementation improved cognitive and behavioural outcomes, as well as physical activity (Grillenberger et al. 2007) . Similarly milk supplementation improved child growth (Grillenberger et al. 2007; Sadler et al. 2009 ). Challenges to ASF consumption in poor households include: lack of availability and economic access, poor food safety and production practices, and limited understanding of the value of ASF in maternal and child nutrition. Therefore, the contribution of ASF to human health, particularly during the first 1000 days of life (from conception up to two years), have to be considered in food and nutrition policies and programs. This is particularly relevant in regions where substantial livestock production and malnutrition coexist, and ASF are barely consumed. In addition, livestock can contribute to increased nutrient-dense food consumption through other pathways. Improving the efficiency of livestock food systems thus appears as a key opportunity for these countries to reduce malnutrition (Randolph et al. 2007 ).
Nutrition-sensitive, multisectoral programs are receiving increasing attention. Nonetheless, our knowledge about the linkages between agriculture and nutrition are still limited (Picchioni et al. 2017) , particularly in respect to what is cost-effective and works for scaling up interventions. Agriculture interventions are not always specifically oriented towards achieving positive nutritional outcomes and, when not correctly planned, they can even have a negative impact on nutrition (Randolph et al. 2007; Swanepoel et al. 2010; Webb 2013) . Evidence for the impact of applying a nutritional lens to agriculture interventions is generally sparse. Gaps in evidence are even more important in the livestock subsector, where different systematic literature reviews have identified that livestock interventions have not yet effectively considered nutritional outcomes and that the number of studies assessing impact of suitable quality is even scarcer (Leroy and Frongillo 2007; Masset et al. 2012; Grace et al. 2018) . Given the increasingly competing priorities for funding, optimisation of resources and evidence-based decision-making should be encouraged. Livestock development work, when appropriately designed, can also contribute to gathering this body of evidence and making a positive change.
Within this context, the objective of this study was to assess the current state of knowledge and perceptions in the region and to identify barriers and opportunities of livestock development to achieve nutrition impact. For this purpose, this research focuses on three main aspects: 1) the linkages between livestock and human nutrition for poor livelihoods in the Sahel; 2) the 'lessons learnt' from the region and knowledge gaps; and 3) the challenges and constraints to integration of livestock development and human nutrition.
Methods
In preparation for the qualitative work, an extensive literature review identified the most relevant livestockhuman nutrition interventions and stakeholders. This also included an assessment of the different frameworks used to map agriculture (and/or livestock) and human nutrition linkages. Subsequently, qualitative research with key informant interviews (KIIs), and a regional participatory workshop (RPW), was conducted between August and December 2014. For simplicity, the term 'nutrition' will refer to human nutrition unless otherwise specified. The research focused on vulnerable populations in the West African Sahel, particularly on populations whose livelihoods are based on livestock, and with high prevalence of malnutrition.
Key informant interviews (KIIs)
Semi-structured interviews were conducted to gather perceptions and experiences from key experts working in livestock and/or nutrition fields throughout the region. These interviews aimed to: 1) investigate the importance placed on the linkages between livestock and nutrition in programme planning; 2) assess the types of livestock-nutrition interventions implemented and the lessons learnt; and 3) identify the key facilitating factors and barriers, as well as the existing gaps in knowledge and coordination aspects.
The study included 36 key informants from 27 national and international organisations or institutions working in West Africa in technical positions related to livestock and/or nutrition. The selection of the interview participants was purposive, based on relevant experience, and representation of the different categories of stakeholders: i) donors; ii) implementing agencies (e.g. humanitarian NGOs); iii) government institutions; iv) international organisations (i.e. United Nations agencies) v) private sector (producer associations and cooperatives); and vi) research institutions/academia. Participants were recruited, based on existing information networks and snowball techniques. They were selected on the basis of operating in one or more of the six Western Sahel countries (Burkina Faso, Chad, Mali, Mauritania, Niger and Senegal), and having hands-on experience. Representation from all countries was ensured. Some key informants not specific to these countries but with specific knowledge on relevant topics or tools (such as Livestock Emergency Guidelines (LEGS)) were also interviewed. Interviews were conducted face to face, via telephone, or via Skype. Oral consent was obtained from each participant.
Interviews were conducted using a semi-structured questionnaire. Leading questions were avoided; however, prompts were included to help in the narrative of the respondents. The order of the questions during the interview was not linear to facilitate interview flow. Written notes were taken for all the interviews. Some interviews were audio-recorded for quality purposes, after permission was granted, and detailed summaries produced. Data were coded into templates, grouping the information obtained from the interviewee into different topics. A thematic qualitative analysis was subsequently performed by the authors, using an Excel template to identify the emerging themes.
Regional participatory workshop (RPW)
The objective of the regional workshop on 'Livestock, Livelihoods and Nutrition in Emergency and Building Resilience' was to create the conditions for experience sharing and participatory discussion between nutritionists and livestock experts, on how to integrate livestock and nutrition in programme planning, and the synergies and challenges for collaboration between both disciplines. A conceptual note was conveyed through multiple channels (e.g. Nutrition and Food Security Clusters, Food Security groups, international theme mailing-lists, etc.) to disseminate the information about the workshop. Application to the workshop was made online via 'SurveyMonkey' (SurveyMonkey Europe, Dublin, Ireland). Applicants needed to indicate their expertise in the sector(s), motivation to participate and possible contribution to the discussions (e.g. relevant case studies to be presented). In response to the call, 130 forms were received from which 60 participants were selected according to: balance in the distribution of representatives (maximum one representative by organisation and country), balance between organisations and expertise sectors, and the organisational needs (e.g. contribution to the workshop with relevant specific experiences) (see Supplementary Table 3 ). The same categories of stakeholders as for the KII were included. The RPW was held in Dakar between 5 and 7 November 2014, and participants from the six target countries were fully funded to attend. A steering committee (FAO, RVC/ ILRI) was created to select the participants, and prepare and facilitate the workshop.
The workshop agenda, based on the KIIs, alternated theoretical training sessions, to ensure a baseline of knowledge among participants from all disciplines, with group work, to share opinions and experiences. The three days were organised in six sessions: 1) Baseline concepts and context; 2) Situation analysis; 3) I n t e r v e n t i o n s : c a s e s t u d y p r e s e n t a t i o n s ; 4 ) Interventions: response analysis and project design; 5) Monitoring and Evaluation; and 6) Coordination and implementation challenges.
Different group exercises, where participants discussed specific topics in small groups (~10 people) before sharing and discussion in a plenary session, were facilitated by one researcher who ensured participation, and recording participants' responses. These activities included:
1. Identification of ASF taboos, dietary practices and preservation methods. 2. Development of impact pathways from livestock to human nutrition. 3. Effect of crises situations on impact pathways. 4. Design of crises responses to mitigate nutrition consequences. 5. Identification of lessons learnt. 6. Identification of challenges in coordination.
These activities had been pre-tested with other researchers at RVC in London. In addition to these exercises, short feedback surveys were conducted during the workshop, and summarised in Excel. Working documents from the workshop are available at (http://www. fao.org/in-action/food-security-capacity-building/events/ detail-events/en/c/248628/).
Results and discussion
The results presented hereafter are a compilation of emerging themes and ideas collected from the KIIs and the RPW group discussions combined. The majority of the KII participants welcomed the RPW initiative as 'much needed' due to the widespread disconnection between livestock and nutrition, whose linkages require strengthening. Their suggestions for the RPW, which contributed to the design of the RPW activities, are summarised in the Supplementary materials Box 1. This disconnect was confirmed during the RPW, where 83% of participants responded that nutrition is not perceived as a priority by livestock experts, and 73% responded that livestock and ASF were not perceived as priorities by nutrition experts. Only 30% of the participants considered themselves to have a good knowledge about the linkages between livestock and human nutrition.
3.1 Situation assessment -diet, preservation and storage practices related to ASF Participants from both KIIS and RPW agreed that to assess the relevance of ASF in a population it is first necessary to understand: i) what the key nutritional deficiencies are, ii) the role of ASF in their diets and iii) how dietary diversification with ASF can contribute to closing the existing nutrient gaps. Participants widely acknowledged that cultural beliefs and practices, including taboos, can be important barriers to adequate nutrition and ASF consumption (see Table 1 ). Some ASF were seen to be particularly restricted to those in need (i.e. women and young children), due to gender norms affecting intra-household allocation of ASF. It was believed to be usual in many households that men eat first, consuming the foods of higher quality, followed by women and small children. It was mentioned that the man often distributes the meat pieces among the members of the family at his discretion, and their focus may not always be given to children and pregnant women. In addition, many of the taboos reported focused on women and children. Whilst the origin of some of these taboos was thought to possibly be accidental (e.g. unlucky coincidences of women eating red meat and bleeding profusely during delivery), it was believed that most of them were calculated responses to avoid possible problems (e.g. avoid too largefor-gestational-age babies and thus, prevent labour problems) or to protect the economic or social structure of the household (e.g. prevent children from taking eggs and ensuring that they are used for reproduction of poultry and/or selling the offspring and products to fulfil small household economic needs) and may now be deeply rooted in the dietary practices.
Several participants indicated that some notion of the importance of ASF exists among households in the region (e.g. the view that 'milk is the most complete meal', as 'it is the first food for babies and the best food for elderly'; it is also considered to be a healthy product because of 'being the first and last meal to enter the body'). However, there is a generalised lack of knowledge about the nutritional content, properties, safety and adequate use of ASF. One participant explained that this lack of awareness might contribute to households shifting the need for quality and balanced diet to upper layers of the Maslow's 'Hierarchy of needs' pyramid 1 (the less important needs), with basic needs being the elimination of appetite ('getting the stomach full') (Maslow 1943) . These results indicate that indeed, food practices are extremely complex and even if sometimes dangerous, they form an integral part of cultural behaviour in traditional societies which are difficult to change (Meyer-Rochow 2009), particularly if they are not correctly assessed. Therefore, food and nutrition security programs could benefit hugely from applying a socioanthropological lens in their design and implementation, in a context-specific manner. Interventions aiming at producing ASF for nutrition security should include a 'Social and Behaviour Change Communication' (SBCC) strategy to promote their uptake at the dietary level (or alternatively to trade them for other nutritious food groups) (Miller et al. 2014) .
Preservation and storage methods of ASF in the Sahel were seen as a major concern, especially in areas without access to fridges, resulting in limited availability of these products to the household all year round. Moreover, bad practices (poor preservation or inappropriate handling of ASF) were indicated to lead to food safety, health and nutritional problems. Understanding specific practices, enhancing and hindering drivers (including gender and taboos for ASF consumption) were considered essential to the successful design and implementation of a nutrition-sensitive livestock intervention (Meyer-Rochow 2009; Miller et al. 2014) . Also, food safety in relation to ASF and nutrition was identified as an area with important evidence gaps. Rapid risk assessment methodologies are being developed and can be considered (Deka et al. 2012; Bonfoh et al. 2014; Haesler et al. 2014) . Particularly, risk assessment of ASF may indicate that hazards are destroyed during household preparation, but this might not always be the case. For example, some pastoralist populations do not want to alter the 'mystic' properties of milk through boiling (Haesler et al. 2014) . Heat treatment of ASF might be short or completely avoided if there are insufficient resources to purchase fuel. In addition, pasteurisation changes the taste of milk, and fresh milk is then often preferred. Developing, perfecting and introducing appropriate (traditional) preservation technologies, that consider household cultural norms and resource limitation, could contribute in a 3-fold way to overcoming concerns associated with ASF, namely shortages due to seasonality (e.g. scarcity of milk during the dry season), presence of food safety hazards and short product shelf-life. Furthermore, inadequate preservation techniques, involving excessive boiling, sun exposure, and others, may harm ASF and result in loss of nutrients such as vitamin C or riboflavin (FAO 1992 , FAO 2013a . Figure 1 compiles the impact pathways related to livestock that can result in improved or impaired nutrition, as identified by participants.
Impact pathways
The pathways in Fig. 1 relate to the multiple functions of livestock for households or society, which may interact and present numerous feedback loops. They were described by participants as:
'Own-consumption': Consumption of ASF produced in the household is the most direct pathway leading to improved nutrition and was often believed to be the main reason for vulnerable households with subsistence agriculture economies keeping livestock. The evidence for the role of ASF in improving micronutrient status in breastmilk, infants, children or women of reproductive age is limited (Grace et al. 2018) , but the micronutrient content in ASF and the high bioavailability of their chemical presentation makes it reasonable to expect potential impacts.
Despite this, participants perceived a tendency to first consider livestock as an income generating activity, rather than as a food source. The suitability of the different species for using own-consumption instead of the 'Income' pathway (described below) was reported to require careful consideration (e.g. milk and eggs allow for 'daily family portions' while bovines tend to be sold as live animals and are more difficult to manage or evaluate for own-consumption). Furthermore, it was stated that production needs to be sufficient to allow for own-consumption after selling, and that increases in productivity and market opportunities need to ensure that this pathway is maintained without 'income interference' (i.e. that increased access to market and sales opportunities do not reduce the part of ASF kept for household own-consumption). 'Income interference' was believed often to result in consumption of less nutritious foods and increased risk of malnutrition (e.g. farmers may know that their milk is highly nutritious, yet they may not produce enough volume to both sell and consume). In some settings it was reported that households owning dairy cows may prefer to sell their milk and use the cash obtained to buy other less nutritious foods (e.g. basic components of the diets such as rice, groundnuts, and oil) that guarantee three meals a day and 'full stomachs' throughout the day, particularly during periods when maintaining the number of daily meals is a challenge. It was also mentioned that local milk market prices might be higher than imported milk (powdered milk or soya) prices, becoming an incentive to sell milk rather than to consume it. This pathway can also be influenced by factors such as socioeconomic status, cultural taboos, opportunities or capacity for ASF storage and preservation and at individual level, by gender and intra-household food allocation.
'Income': This pathway refers to the availability of money in the household as a result of livestock-related activities. It was identified as contributing positively to household nutrition, directly though purchase of nutritious foods (either ASF or non-ASF) and access to health care, or indirectly through better education or purchase of non-food related goods (e.g. fuel, soap, kitchen tools, investment in better housing and water and sanitation standards). However, some of the uses of the income generated might not result at all in improved nutrition outcomes and on occasions, can even have a negative effect (e.g. purchase of undesirable processed foods such as soft drinks). Several sub-pathways were identified: & 'Sale': Income resulting from the sale of livestock commodities (live animals or their products) was the most direct sub-pathway. Income management (i.e. decision-making and expenditure patterns) was seen as one of the most important factors impacting household diet (quantity and quality), human disease prevention and treatment. & 'Employment': Livestock production or associated value chains (e.g. shepherds, workers, butchers, retailers, etc.) were seen to offer numerous employment opportunities, playing essential roles as sources of income for other households in the community. & 'Insurance': In many Sahelian communities, livestock (particularly cattle), were reported to have a role in 'banking' and capital accumulation as an alternative to institutions (banks), providing a better investment return through reproduction and other services. Livestock is a means for quick cash access, from the sale of animals in the event of crises; as a result, livestock ownership is considered a mark of prestige. Thus, it can have a direct role in nutrition, when money is released to confront household food insecurity situations or health problems. However, it was also said that this was not always the case, as many communities were reluctant to sell animals even when there were vital family needs. Indeed, the sale of animals and particularly good animals by pastoralists was often considered an indicator of vulnerability (e.g. selling reproductive animals is seen as a last resort, as it depletes productive assets with irreversible consequences in the capacity of the household to recover production). Similarly, livestock ownership was said to facilitate access to re-investment in the livestock business, or in other economic activities that may help the household get out of poverty and ultimately improve nutrition. However, among pastoralists this is often not the case, as they are sometimes reluctant to sell animals and invest in business innovation opportunities.
Other pathways identified had the potential to end up as 'Income' or 'Own-consumption' pathways, serving specific purposes: & 'Transport': Certain animals (horses, donkeys, oxen and cows) were reported to be a means of transport, facilitating market access for selling or purchasing agricultural food products, thus contributing to income generation and increasing diet diversity. Transport was also said to increase access to clean water, health care or education, which ultimately improve nutrition through preventing disease and increasing householders' knowledge of nutrition. Using animals to provide transport services was also considered an incomegenerating activity. & 'Traction for agricultural work': In mixed systems, animals were mentioned as crucial sources of power in the fields. Uses of this power includes preparing the soil, sowing and harvesting, thus contributing to better agriculture yields or to more time-efficient agricultural activity and ultimately to improving food access ('own-consumption') and income. Renting of animals for draught power for agricultural work was also linked to the 'Income' pathway. & 'Manure': Nutrient cycling services were linked to increased crop production for food, increasing household food availability (non-ASF 'Own-consumption' pathway), or sale ('Income' pathway); manure contracts between pastoralists and farmers seem to be scarce despite its win-win aspect. It was also reported that some households use or sell manure as fuel to cook food, which can save time and money in obtaining other types of fuels or preserve low wood resources. The production of biogas from manure was also identified as an incomegenerating activity.
Closing the gender gap in agriculture was believed to be paramount in increasing productivity, but also in affecting maternal and child nutrition in three ways:
& 'Women's autonomy and empowerment': Some species, such as dairy goats or cows and poultry, were thought to be more frequently kept next to households and to be reared by women, combined with other activities such as child care. These species were perceived to be more likely to provide income for women, who were reported to be more likely to use this income to improve child health and nutrition. Increasing women's decision-making over the management of animals and income expenditure was believed to be key to fostering own-consumption and quality of diets, as well as to generate more rational and fairer intra-household distribution. Measures to increase women's resources were said to have long-term effects on nutrition. Participants identified challenges faced by women such as illiteracy, early marriage, longer workdays, lower social status, less technology access, higher responsibility for family members, which have downstream effects in decisionmaking and nutrition. & 'Time allocation': Livestock activities (feeding animals, milking, cleaning, etc.) were described as highly time-consuming. These tasks are performed mostly by women and may interfere with other activities and practices which are associated with good nutrition (e.g. breastfeeding, child care, care of other members of the family such as the elderly or cooking and the preparation of balanced meals). & 'Physical activity': Some livestock activities were also reported to require substantial physical effort (e.g. transhumance), which may increase expenditure of energy of all the members of the household and particularly women and children, leading to increased nutrient requirements, and to malnutrition when these are not met.
Finally, pathways related to other health, geographic or productive aspects were identified:
& 'Animal disease': Several participants mentioned the role of zoonoses (pathogens transmitted from animals to humans) in health and poor nutritional status due to nutrient losses through diarrhoea, loss of appetite, etc. Transmission of pathogens from animals to humans was said to occur through ASF contamination (foodborne), direct contact with animals or their excretion products (faeces, urine, saliva, etc.) or from environmental contamination including water resources. Furthermore, diseases in adult livestock were linked to loss of production capacity and increased veterinary expenditure, affecting the 'Own-consumption' and 'Income' pathways. Therefore, activities for disease control and appropriate management of livestock waste were identified as important interventions in order to avoid the risk of malnutrition. & 'Mobility': Nomadic pastoralists were described as travelling long distances looking for good pastures and water for their animals, particularly during droughts. Such travel often involves relocation to isolated areas, with little access to food markets, health services and vaccination, school, nutrition programmes, etc. This was said to particularly affect women and children, when the whole family travels. To avoid this, some participants explained that pastoralists frequently use the 'base residence-satellite camp' model, where only older boys and men travel, while the rest of the households (women, younger children and the elderly) remain sedentary at the base camps. However, this was also believed to have drawbacks, as members remaining behind without animals do not always benefit from their products (e.g. milk). In addition, they also reported that livestock extension workers generally do not have access to those herds, which are often in a fragile state, in remote locations. &´Competition for natural resources´: effects of livestock in crop agriculture production can also be negative. For example, land allocated to livestock or to production of fodder for livestock can lead to a reduction in available cropland for production of human food. Access to land is frequently the main constraint, especially for poor livestock keepers, leading to lack of access to grazing land and water. Moreover, the increased risk of drought challenges the availability of quality pastures and fresh water, resulting in land conflicts between farmers and herders as animals occupy agricultural areas.
Participants identified multiple purposes for households to keep livestock (e.g. high quality food products, income, draught power, as financial instruments, enhancement of social status, religious purposes and cultural and ecosystem services, etc.) that have been described in the literature (Swanepoel et al. 2010 ). This multiplicity of purposes can sometimes explain the lack of positive impact of livestock interventions on nutrition. Increasing nutrition knowledge and education can be conducive to positive impacts. On the contrary, crises such as armed conflict, droughts or flooding, were said to lead to forced migration with the animals or to a loss of animals (due to theft or animal death), and consequently to a negative impact on the nutrition of households heavily dependent on livestock livelihoods. In such situations, some livestock keepers prioritise livestock well-being over the nutritional and well-being needs of their households, when challenges such as droughts, conflicts or volatility of market prices occur. As a consequence, patterns of human population mobility can be heavily influenced by animal needs (FAO 2015b). Index-based livestock insurance has been developed and implemented to protect rural smallholder keepers of livestock from drought related asset losses, thus reducing climate-related risk (McPeak et al. 2010; Bageant and Barrett 2017; Jensen and Barrett 2017) . These and other crises such as economic difficulties and animal disease outbreaks, were said to result in market disruption and lack of functionality for either buying or selling food products, thus affecting many of the pathways discussed. Therefore, it is important to make a distinction between humanitarian and development projects, but the basic pathways may consider both. In addition, these pathways were perceived to be affected by the efficiency of livestock production in a given year and by the end quality of products, which depend on: i) animal feeding (affecting milk quantity and quality, carcase quality, and animal morbidity and mortality); ii) cultural breeding practices; iii) animal disease control; iv) ASF preservation techniques; v) seasonality; vi) climate change, and other factors.
UNICEF's malnutrition causal framework is a powerful tool for nutritionists, but it is not so intuitive for other professionals and makes it difficult to zoom in on specific sectors (Black et al. 2008) . The impact pathways leading to good or poor nutrition from agricultural production were first described by Haddad in 2000 (Haddad 2000) . Randolph et al. described the specific livestock pathways in 2007 in a very useful framework (Randolph et al. 2007) , and Dury et al. identified the main risks (Dury et al. 2014 ). However, participants were not familiar with Randolph's livestock-nutrition framework or found it overwhelming. The complexity of interactions is not well considered or monitored by practitioners in the field. Impact pathways disentangled here were used to understand the implications and anticipate and track the chain of consequences, roadblocks and side-effects arising from specific crises or context changes (such as droughts, economic crises or conflicts). Building on those, the potential solutions and interactions in the system can be identified. Some of the pathways are less intuitive, such as the gender pathway (e.g. the effect of time allocation and physical activity on nutrition) and are more likely to be overlooked. However, the importance of these pathways has been thoroughly researched by other disciplines (FAO 2011; Johnston et al. 2015; Njuki et al. 2015) . Generally, several pathways coexist, but the relative importance of each pathway can vary substantially by setting and depend on the local context. It is also important to note they do not have the same absolute weight in nutrition. The unpacking of pathways seemed to help participants visualise clearly the positive and negative nutrition impacts that livestock could generate, and conceptualise the key parameters for programme design, monitoring and evaluation. In some cases, the solution might not need to be producing more, but to ensure that the production is nutrition-sensitive. Household prioritisation and undesirable practices can be shaped and addressed through a nutrition SBCC strategy to promote the right choices, with specific attention to 'income interference' (Swanepoel et al. 2010) . Livestock owners should also visualise the nutrition potential to make the most of their business for household nutrition. ASF are normally associated with wealth as higher-income households eat more ASF than poor households (Speedy 2003; Baker et al. 2016) . The small amount eaten by the latter often comes from their own production (Sandford and Ashley 2008) , and some studies done in Africa showed that livestock keepers are more likely to eat ASF than non-livestock keepers (WorldBank 2014; Hetherington et al. 2017 ), although it is not always necessarily own-produced. An important premise of many livestock projects (i.e. that the income generated will ultimately improve nutrition security) is not supported by empirical studies, as changes in incomes do not immediately lead to a higher consumption of calories or more diverse diets (Leroy and Frongillo 2007; Masset et al. 2012; Grace et al. 2018 ).
Interventions with potential to improve nutrition

Types of interventions
Several participants explained that livestock interventions tend to be more oriented to productivity and small enterprise development than other agricultural interventions that tend to be more focused on subsistence producers and their dietary diversification. Government initiatives were perceived to focus frequently on increasing production of medium and large producers, rather than on vulnerable smallholders. The KIIs suggested that potential of livestock interventions to improve human nutrition exist at three levels: 1) Production; 2) Postproduction (i.e. processing and marketing); and 3) Consumption.
At the production level, the interventions reported were diverse, based mostly on providing inputs such as: animal husbandry (animal management training and disease control), animal transfers (particularly small ruminants, chicken and dairy cows) or cash transfers. These interventions can increase productivity and contribute to nutrition, generally through the 'Own-consumption' or 'Income' pathways. An example given was related to animal husbandry interventions: extending cow lactation periods from 3 to 5-6 months, reducing milk seasonality and increasing milk production and availability throughout the year. It was highlighted that attention needs to be given to the animals kept at base camp during transhumance, to keep them healthy and wellnourished and to ensure good nutrition of vulnerable household members. Other interventions mentioned included implementing more effective early warning systems (for dissemination of information on pastures, market prices, etc.), to avoid household animal and production losses, and for business planning. Poultry transfer was defined by one participant as 'the easiest intervention to improve diets due to its quick results on nutrition. The consumers' preference for local poultry, compared to the exotic broiler, due to taste (exotic broilers are perceived as 'not having taste') was mentioned. Local breeds were said to be frequently considered for interventions, as these are less likely to introduce diseases and are adapted to the environmental conditions; however, their production was reported to be lower. Cash transfer interventions were said to be likely to contribute to production, particularly when conditional on animal feed/inputs.
Post-production interventions identified included: 1) better preservation of ASF (e.g. dry meat, meat meal, cheese, fermented milk) or by-products such as leathers; and 2) the creation of cooperatives for the sale of products and of effective market places, as well as ensuring fair prices, etc. These different types of interventions were reported to target improved nutrition through increased availability of ASF by extending shelf-life of products or reducing product wastage (e.g. milk during rainy periods in rural areas) and through increased income generation. Transformed products can add value to the product and be consumed during the seasons with lower production.
Interventions at consumer level were claimed to have the most direct impact on nutrition. An example given was the redistribution of ASF done by some cooperatives among their members as a fidelity bonus for their regular milk supply. Another example referred to the strategic destocking of animals in crisis situations and their use to supplement meat for households or schools. No effect on nutrition was observed in one such school intervention, possibly due to the small portions given and the short duration. This intervention, however, was said to have contributed to an increase in school attendance. Some participants explained that interventions based on nutrition and hygiene education need to be monitored and evaluated, as knowledge transfer focused only on women may not lead to consumption changes, since they may not be the decision-makers.
Lessons learnt
Participants in the KIIs and RPW shared the lessons learnt on the factors to be considered for designing and implementing successfully the interventions presented above. These were grouped into five major themes, including: beneficiary targeting, design, gender considerations, what may work well, and what is less likely to work. Their ideas are compiled in Box 1. Key aspects include assessing the beneficiary acceptance and needs before introducing new technology or animals, as well as giving them choice among species. In the case of animal transfers, there is a need to ensure adequate training in animal husbandry and available veterinary follow-up services. Several participants expressed their discomfort with non-specialist agencies implementing animal transfers without providing adequate technical support, as they could increase the risk of household poverty and malnutrition due to extra expenses, work, time, disease spread, and other factors not usually considered.
Box 1 Reported lessons learnt from field interventions to achieve impact in nutrition Beneficiary targeting: 1) Focus on the most-vulnerable households (e.g. young children) is key. Community leaders can help to identify these but can also be biased and influenced by others. 2) Women and children are obvious targets. Elderly people are rarely targeted, despite being nutritionally vulnerable. 3) Value chain actors beyond farmers to ensure sustainability, maintenance of active services and thus livelihoods.
Design:
1) Stakeholders, including pastoralists, need to be consulted early to ensure ownership and acceptability.
2) Adapting interventions to the local context and livestock activities help to ensure acceptability, because 'people copy badly what is done elsewhere'.
3) Understanding dietary practices and household income expenditure patterns and priorities are key. 4) Thorough assessment on suitability of the area for raising specific species productively. 5) Interventions focused on animal feed, water availability and animal health have succeeded in improving productivity; however, it is unknown whether these have improved nutrition. Nutrition impact needs to be considered from early design stages, including clear nutrition objectives and indicators. 6) Diversification (multiple components) can optimize project efficiency, benefiting from synergies. 7) Technological innovation may be difficult or inefficiently adopted by traditional livestock keepers; simple and replicable technologies might work better, including participatory approaches. 8) A 'business approach' is more likely to be economically efficient and have less 'leaks' than a 'project approach'. 'Social entrepreneurship' can be useful in humanitarian and development interventions, and present fewer regulatory barriers. 9) Awareness raising and higher involvement of government in pastoral issues is needed, since these communities are often far from ongoing interventions in livestock and nutrition. 10) Infrastructure limitations such as roads, transport to market, electricity or water for dairy factories need to be considered in planning and may need upgrading for success. 11).Livestock and nutrition sectors should collaborate from early design stages for technical excellence and successful interdisciplinary approaches. 12) Food safety risks of ASF need consideration, as they impact nutrition and health consequences. 13) Sensitization on human nutrition aspects of livestock extension services and livestock farmer associations are key in reaching out to the smallholders. Gender considerations:
1) Women often rear the animals but have less access to extension information than men; impairing interventions' efficacy.
2) Species are usually strongly gender-bound. Those linked to women tend to achieve higher impact in household nutrition. Poultry are more likely to belong to women, but sheep or cattle to men, who frequently use them for purposes other than nutrition.
3) If women's livestock activities become very profitable, they can constitute a source of tension that needs to be addressed, else ownership can easily shift to men. 4) Women's work overload on livestock care must be avoided. Technologies that reduce their workload can impact positively on child feeding and care practices. 5) Community crèches can be a solution for childcare while women are working with livestock. 6) In certain cultures, women cannot conduct abattoir activities, but may participate in food processing. 7) Livestock extension workers tend to interact with men while nutrition workers tend to interact with women, and messages do not always get communicated to family members. 8) Men should not be passive actors in their children's nutrition, and they must be educated and sensitized (as well as grandmothers, who are very influential in the households). 9) 'Schools of husbands' model, where men get actively involved in aspects relative to women could work for nutrition. 10) To overcome taboos on ASF continued sensitization on ASF nutrition value and good preparation practices through different channels is essential.
What can work well:
What is less likely to work:
1) Short cycle species (poultry, pig) give rapid ASF access.
2) Milk and eggs allow delivery of smaller portions for household consumption than ruminant meat. Fractions of poultry carcasses, instead of a whole carcase, could be more affordable.
3) Supply of animals with different purposes (i.e. as a productive asset vs as a food for children). 1) Ruminants (for meat) long productive cycles are not suitable for rapid impact interventions. 2) Revenue from the sale of cattle is unlikely to affect nutrition because it often happens a couple of times a year, and is used for specific needs, rather than for daily nutrition.
3) Transfer of a small number of animals (e.g. 3 goats) to households is Pastoralists in transhumance were identified as important targets for nutritional education interventions, as by migrating they may fall out from the regular nutrition programmes. They were perceived as difficult to access and frequently excluded from these interventions. Some pastoralist groups may have higher consumption of ASF than other populations but may still not have the best balanced diets. One participant suggested that this barrier could be overcome by targeting interventions at the stop points of their transhumance. In addition, increasing numbers of pastoralists tend to leave the most vulnerable family members behind at base-camp, where fewer resources are available.
The recommendations given by participants were in line with the FAO 'key recommendations for improving nutrition through agriculture' and 'Guiding Principles on Agriculture Programming for Nutrition ' (FAO 2013b; FAO 2015a) . Livestock Emergency Guidelines (LEGS) provide guidance for humanitarian livestock projects but do not include comprehensive advice on human nutrition (FAO 2015b). Women face many challenges, some of which may be ameliorated through livestock, which are considered transformative agents in agriculture-based rural areas. Gender needs to be skilfully addressed; however, gender issues are not always included in agricultural development work (Colverson 2013) . Better gender-disaggregated data collection and analysis could enable policy makers to improve women's productivity and family welfare (FAO 2011).
Challenges
Participants in the KIIs and RPW identified different types of challenges, which may affect the ability to ensure good practices in project design and implementation. These challenges were mostly related to cultural, operational, funding, or technical capacity aspects, while others were intrinsic to emergency crises, etc. and are compiled in Box 2. Some aspects such as the difficulty of incorporating explicit nutrition objectives and indicators at intervention design level, mostly due to the lack of capacity and problems arising from 'funding mismatch' were controversial. Best design and implementation practices are not always supported by timelines, resource allocations, project funding cycles, or structure. Therefore, donors are encouraged to facilitate this process of integration of agriculture and nutrition in their schemes. Some of these intrinsic difficulties could be addressed by seeking synergies to optimise resources and delivery platforms (e.g. nutrition education of pastoralist through livestock programmes). Another barrier in the Sahel region was at the political level, as livestock is essential for economic growth and is still not considered a tool towards attaining food and nutrition security. Beyond the rapid response needs of recurring emergencies in the Sahel, it is important to consider long-term interventions in food systems for development and resilience, such as creating effective cooperative schemes and markets, fixing value chain inefficiencies, ensuring fair prices, etc. to generate income for smallholders, and also to increase access to ASF for households without livestock.
(continued) 4) Linking of livestock activities with nutrition and agricultural production. 5) ASF supplementation in Schools. 6) Strategies to improve seasonality food shortages such as ASF preservation techniques (e.g. dry meat). 7) Cash transfers are a good option to diversify diets while supporting local markets. 8) Livestock interventions should have a sensitization component on human nutrition, using Social behaviour change communication tools. 9) Novel product approaches, particularly for young children (e.g. ground meat for weaning). 10) Interventions towards standards and meat grading would allow lower quality, yet nutritious cuts, to be commercialised at cheaper prices. 11) Better use of media technology for sensitisation 12) Water and sanitation must be considered as factors for environmental disease transmission. not a long-term solution, impairing business survival: 'some studies suggest that 12 Livestock Tropical units are advised for viability of the intervention'; however, donors have difficulty accepting such transfers. 4) Provision of livestock without ensuring animal feeding, veterinary services, etc. may be a burden for poor households. 5) Market prices can get distorted during crises, and poor households may sell both the animals and the animal feed at low prices to speculators, who later sell these back at higher prices. 6) Interventions to increase market availability may find that highly vulnerable households still cannot afford ASF. 7) Interventions not considering the budget management of poor households when milk is the largest income source. 8) Sensitisation on ASF consumption will not work below a minimal household income level, because ASF are sold in exchange for food groups. 9) Malnutrition generally cannot be solved through single sectors but through comprehensive approaches.
The responses given by participants and the literature alike point to widespread flaws in the design of interventions in terms of assessing impact on nutrition. A DFID commissioned report in 2012 mapped research on nutritional improvement through agricultural interventions, finding that among over 150 recent research projects, fewer than 15% were designed in a way that could contribute to understanding that relationship (Hawkes Box 2 Reported challenges of interventions Cultural challenges, created by the social systems or the behaviour of the beneficiaries: 1) Aspects already discussed of child feeding and caring practices, taboos, hygiene, water use, etc.
2) Pastoralists think sometimes in terms of animal food security rather than household; however, they might not get much return from their animals (they do not sell or eat them). Even during droughts, it can be difficult to convince them to destock their herds. The perception of 'social status' needs to be changed.
Operational challenges, related to intervention implementation: 1) Large scale national interventions may lose efficacy when they are too centralised.
2) Programs tackling too many elements can be cumbersome and inefficient.
3) Surveillance tool limitations often rely on a weak capacity for good quality data collection and may not have added value for farmers, who 'give information to the mediators to receive it back later'. 4) Lack of long-term national strategies in countries where institutions mainly react to emergencies, obtain no positive impact on overall poverty. 5) Despite political will, limited resources often do not allow strategic approaches or effective monitoring and impact evaluation. 6) Sometimes aid does not reach the most vulnerable households due to pressure from community power groups which need to be kept content (e.g. social arrangements for the distribution of animal feed). 7) Restocking for herd reconstitution is logistically complicated and, in the mid-term, it might be easier for beneficiaries to give, after one or two cycles, the offspring to other households.
Funding challenges, related to the funding strategy: 1) Emergency funding cycles often involve very short periods (between just a few months and 3 years), which lead to failure to implement systematic impact assessment. 2) Often project calls have a pre-fixed idea and tight funding; thus, there is little flexibility to adapt to the initial findings or to add relevant components detected during preparation and implementation. 3) Livestock is not a high priority for funders, except for emergency responses. No long-term preventative approaches are considered. 4) Multi-sectoriality is not always promoted by donors, who still tend to work in silos. There is a need for better integration and consideration at higher level. Income interference challenges, related to the income expenditure prioritisation: 1) As discussed, increases in milk production can lead to reduced milk consumption due to good sale prices and enhanced market access. As a result, families may buy powder milk instead or consume no milk at all. 2) Alternatively, reduction of maternal time and increased milk production can also interfere with breastfeeding practices, reducing the proportion of exclusive breastfeeding and replacing it with animal milk. 3) Upgrading business skills may lead to investments in the business at expense of the family needs.
Expertise challenges, related to the lack of knowledge: 1) Lack of knowledge and expertise on the biology and the production systems of livestock in the humanitarian institutions, which are mostly plant production oriented. 2) Livestock and nutrition professionals 'speak a different language', which makes it difficult to collaborate and find common grounds. 3) Interest in nutrition is growing among livestock organisations; however, there is still a lack of understanding and expertise, mainly regarding indicators and linkages. 4) Limited analytical capacity. Emergency challenges, related to humanitarian crises: 1) At the time of crises, pastoralists may migrate, with the challenges highlighted. However, pastoralists migrating earlier tend to be better off and manage to keep more animals by the end of the crises. 2) Lack of effective early warning systems, which are particularly poorly developed for livestock. 3) Due to inefficient warning systems and to project administrative and logistic aspects, actions in emergencies often arrive very late, when animals are already dying. 5) Speculation with livestock is ruthless during emergencies. 6) In the Sahel rural areas, there is a lack of bank credit for restocking post-emergencies (at high prices). 7) Destocking is a controversial term for pastoralists, associated with times of hardship. 8) Complexity of the pastoral crises and lack of clear guidance for specific contexts. 9) The decision on the type of production system to prioritise may differ according to livelihoods or nutrition considerations, and there are important trade-offs.
Other challenges: 1) Restocking interventions often do not consider aspects such as land degradation and do not conduct environmental impact studies, relevant to sustainability. 2) Seasonal scarcity of food and feed resources. 3) Animal transfer interventions can introduce foreign diseases to the communities and can affect severely the local livestock. This has happened even after vaccination and deparasitisation. 4) The national veterinary services may be weak in some regions, and do not reach many rural areas. et al. 2012). These lacunae in design are recurrent issues that, until appropriately addressed, will hinder nutritionsensitive agriculture, especially livestock aspects. Evidence is poor and fragmented, and even when focused a single pathway, it often only addresses a small portion of such a pathway (Leroy and Frongillo 2007; Masset et al. 2012; Grace et al. 2018) . Key informants, who were consulted, recommended interventions 'with theoretical potential to improve nutrition', but evidence from welldesigned projects is necessary before they can be confidently taken to scale.
Monitoring and evaluation
Participants highlighted the importance of assessing the extent to which existing livestock interventions/policies contributed to improved diets and reduced malnutrition and the sharing of this information. They considered the measurement and monitoring of nutritional outcomes a key challenge; 79% of the RPW participants acknowledged to having never or rarely monitored the nutrition impact of a livestock intervention (Fig. 2) . Particularly noted was the mismatch among livestock production (indicators at farm level, such as increased production and number of animals to sell), food security indicators (at household level, such as food availability and accessibility) and nutrition indicators (intrinsically at individual level, such as dietary diversity or growth, particularly women and children) (Haesler et al. 2017) . Suggested indicators are compiled in Table 2 . The choice of these indicators should depend on the type of intervention and what is feasible. Many nonnutritional indicators can be turned into 'nutrition-sensitive'
indicators (e.g. increase of production vs increase of micronutrient-rich production; household availability vs maternal and child intake, etc.).
For agricultural/livestock interventions, it is important to measure at least some intermediate outcomes such as consumption (ideally at individual level). Changes in dietary diversity scores were reported to have been used in household targeting and were considered a relevant indicator (Leroy and Frongillo 2007) . Some project case studies presented looked at dietary diversity and consumed food groups, taking measurements at baseline and at endline, but results are not yet published (Bonde 2015) . Attention to individual food groups were said to help understanding of changes in consumption patterns arising from the intervention as well as the impact pathways used by the interventions (e.g. preliminary data from Burkina Faso suggested that a chicken intervention increased dietary diversity through increased consumption of fish via the income pathway). Dietary diversity may be insensitive to increases in the consumption of a food group that was already being consumed (e.g. more milk consumed as a result of a dairy intervention), and so alternatives to measure specific intakes of commodities of interest (e.g. volume of children's milk intake, weight of meat consumed by women of reproductive-age, etc.) can be considered. Stunting was proposed as a good functional marker for multisectoral programmes, although due to its long-term and multicausal nature, it may be less sensitive and more difficult to interpret when key factors (e.g. health, water and sanitation) are not addressed. The FAO Compendium of indicators for nutrition-sensitive agriculture can be a Other concerns were related to the wide variety of existing indicators, the lack of institutional expertise and the complexity of their interpretation. Some indicators were said to have been designed and validated for nonlivestock agriculture activities and were not easy to adapt to livestock and ASF (e.g. food stocks, average dietary energy supply). At the same time, some participants thought that current indicators could be restrictive and that 'thinking outside the box' needed to be encouraged. Monitoring negative unintended side-effects ('do no harm' principle), and differentiating between process (to monitor the activities carried out) and impact indicators (to evaluate whether the activity had achieved the intended results) were also perceived as critical.
Coordination
There was agreement that progress in nutrition requires increased intersectoral coordination to address the multiplicity of causes. A healthy diet cannot be based on a single commodity, but rather needs a balanced food group intake, which requires connections among agriculture, livestock and nutrition, which at present are not sufficiently close. The KIIs and RPW participants highlighted the importance of different ministries, UN agencies and NGOs working collaboratively and in a coordinated manner. Coordination gaps were reported at two levels: among sectors (agriculture/livestock/nutrition) and among international actors, civil society, government institutions, and researchers. Some participants claimed that all interventions need to be centrally registered, to avoid overlapping and ensure that all projects are in line with national policies. Governmental coordination was perceived to be sometimes more political than technical, and the administrative procedures for project/programme design and implementation were described as slow and inefficient and, at times, complex and unclear. Collaboration among institutions (governmental and non-governmental) was reported to be not always possible due to tight internal structures ('in silos') and procedures. One participant explained that there are different schools of thought, even within institutions, leading to lack of internal coordination. Generally, technical meetings were described as sector-specific and did not include other technical expertise (e.g. nutritionists in livestock meetings or departments, and viceversa). The inclusion of different sectors in guidance documents was seen as necessary to promote collaboration.
Participants said they would welcome the creation of specific spaces at national level to share experiences on what was working well and seek operational synergies to optimise the efforts of institutions facing common problems. Actions to foster sector coordination and integration were proposed, for example among 'clusters', by creating thematic groups across clusters (the cluster approach, set by the Humanitarian Reform Agenda in 2005, aims at strengthening preparedness and technical capacity to respond to humanitarian emergencies in different sectors, e.g. food security, nutrition); or the creation of collaborative units between public health and agriculture departments in governments and organisations for the systematic integration of nutrition in agriculture. The lack of a common language and understanding was also emphasised. Certain actions such as: creation of a specific 'community of practice', incorporation of a specific and extensive human nutrition component in the LEGs guidance (as well as expanding the knowledge and use of this tool), building and strengthening capacity for intersectoral integration in governmental and nongovernmental institutions (including training in human nutrition in livestock sciences, universities and pastoral field schools), or creating networks and opportunities for collaboration, such as the Dakar RPW, which can be reproduced in other regions, could strengthen communication.
The main coordination challenges identified related to: leadership conflict or lack of leadership; an undermining attitude and lack of willingness to collaborate; resource and expert time constraints; lack of institutional, intersectoral consultation processes; lack of communication; targeting (geographical and at household level) and conflicting prioritisation; as well as a lack of common language and interests. Some opportunities, identified for progress, were the existence of international frameworks such as REACH ('Renewed Efforts Against Child Hunger and undernutrition' initiative) to facilitate and advocate for this, the growing awareness of funders for integrated projects or the existence of strong multidisciplinary platforms.
Gaps in knowledge
Livestock's role in nutrition was believed to have been less explored than crop agriculture. The KII identified gaps related to the lack of clear guidance and/or comprehensive research and evidence on what works. TANGO (Technical Assistance to NGOs) and IFPRI/A4NH prepared a report in 2015 on the uptake of science by NGOs (TANGO 2015) and highlighted the concerns among international NGOs about the lack of evidence for integrated agriculture and nutrition programming to implement tested approaches and the possible misdirection of human and financial resources. Since appropriate evaluation of the nutritional impact of livestock is rare (Masset et al. 2012) , the evidence gaps identified are numerous. A major limitation of the interventions is that they were mainly not designed for nutrition impact assessment and they did not measure selected indicators at baseline, which challenged the ability to obtain adequate evaluation. Given the limited resources to respond to all the needs and funding cuts, partnerships among implementers and researchers would be advis-able, in order to contribute to gathering good quality evidence whilst implementing development projects. Researchers should be involved from very early in the design process. New interventions require careful design and data collection. Funding schemes should allow and foster these types of partnerships and the inclusion of detailed impact evaluation, including impact pathways.
Specifically, in relation to ASF consumption, the need was reported for: i) greater clarity of their role in nutrition security and trade-offs (e.g. better understanding of their health properties, such as risks of overconsumption or the importance of fermented milks in non-communicable diseases); ii) establishing recommended intakes for the different population groups (e.g. clarity on desirable consumption of meat by age group); iii) increasing knowledge on how ASF transformation affects preservation of their nutrition value (including dissemination of the learning from current practices, such as the effect of using citric acid instead of vinegar for dried meat or packaging for meat preservation); and iv) better understanding of the socio-cultural and behavioural aspects of ASF consumption (e.g. drivers of choice, or the role of traditional culinary practices related to ASF (e.g. couscous with milk)). One specific area where research could provide efficient innovative technical solutions is storage, processing and preservation. More research is needed on simple and effective traditional techniques that allow delivery of safe ASF in a stable manner. The need for better understanding of marketing and trading parameters and the relationship between commercialisation and consumption of the produced ASF was also highlighted. Finally, the lack of information on the role of bee and insect rearing in nutrition and health was mentioned.
Regarding livestock interventions, more evidence was seen as necessary on the effectiveness of the projects, programmes and policies implemented, as well as which livestock interventions were more efficient in improving diets. This information could contribute to informed prioritisation of investment. Particularly, cost-effectiveness of livestock interventions to prevent malnutrition would be helpful for decision-making. The evidence and data related to investment in sustainable livestock is scattered and not always robust; in addition, the contributions to nutrition are not conventionally factored into estimates of net cost benefit of animal production. In countries with high malnutrition levels and high livestock investment, comparing data on investment in livestock (in the context of its different roles) with other efforts to treat and prevent malnutrition might be highly relevant and worth undertaking.
It is important to produce evidence but also to share it, and participants felt this is not always done, particularly when results were negative or absent. Even when results were positive, detailed information was not always available for consultation. Transparency and dissemination of lessons learnt are essential to moving forward in this field. Participants in this study were likely to be more familiar, interested and informed on the topic than the average professional, so the real situation in the sector in terms of awareness and interest in integration is probably worse. The results raise a relevant question on why the current evidence is not reaching practitioners, and whether there are bottlenecks in the cascade of information downstream or, conversely, an overload of information on agriculture, which may be difficult to disentangle by sector for professionals on the ground. Recent initiatives for data sharing in nutrition are likely to improve this. Broader dissemination of livestock situation analysis through data sharing would also be advisable. In addition, available evidence is not always well presented for practitioners and policy-makers, and peer-reviewed papers are sometimes difficult to obtain. More user-friendly summary formats, with links to expanded documents when necessary, might improve access and reach.
Conclusions
There was general agreement on the importance of livestock development and ASF to reduce the high levels of malnutrition in the Sahel, where they coexist with the presence of high levels of livestock, notably in pastoral areas. However, a landscape analysis mapping the US Government's global hunger and food security initiative 'Feed the future' activities showed that fewer than 10% had a livestock component (Du 2014) . This paper presents qualitative data from field actors on the perceptions and current state of knowledge about livestock-nutrition linkages, which were mostly in line with current scientific thinking, but also draws attention to points that deserve action in order to build up further evidence. Our findings highlight an underlying lack of connection between livestock and the nutrition sectors, supported by the literature reviewed, where livestock projects rarely assess nutrition impact. Among the livestock sector stakeholders, the multifactorial nature of nutrition and the extent to which multi-sectorial strategies (including agriculture, water and sanitation, education, etc.) can contribute was not well-known. The specific nutrition value of ASF was also not fully realised within the sector promoting production, explaining the frequent lack of specific nutrition objectives. This research, based on the systematic documentation of a participatory process, also tried to understand challenges and constraints that might influence this lack of integration, and compile lessons learnt, to identify areas where action is needed to leverage nutrition in livestock interventions more widely. Some specific ideas, identified by field experts, may not be underpinned by evidence in the existing literature, yet they are important to be understood as sector perceptions and some of them may constitute relevant research gaps. Overall, the findings provide insightful 'food for thought' to inform new strategies and initiatives that, if promoted at government or donor level through funding procedures, could cascade down into both sectors and foster coordination, help overcome the challenges, and build up evidence. The findings could also be used for advocacy purposes, particularly since the solutions and ideas proposed do not arise from external agents, but from the sector itself, and contain good advice on practical aspects.
Although the underlying issues are likely to be common, replicating this experience in other regions could complement this picture and result in an overall picture of the sector. In addition, it would further sensitise practitioners to the global problem of lack of nutrition knowledge among other sectors and promote coordination among them and information sharing. Finally, awareness and understanding of impact pathways is essential so as to avoid or mitigate negative impacts and 'do no harm'.
